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Phosphate-functionalized ultrahigh-molecular-weight polyethylene fiber: preparation

and uranium adsorption performance
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ABSTRACT  Glycidyl methacrylate (GMA) was grafted onto an ultrahigh-molecular-weight polyethylene
(UHMWPE) fiber through pre-irradiation grafting, and further modified with diethyl (2-aminoethyl) phosphonate. A
novel type of phosphate-functionalized fiber (UHMWPE-g-DEPP) was successfully prepared for the separation and
recovery of trace uranium in radioactive wastewater. The chemical structure, surface functional groups, stability,
micro morphology, and other physical and chemical properties of the fiber materials were analyzed by X-ray
diffraction, Fourier-transform infrared spectroscopy, X-ray photoelectron spectroscopy, thermogravimetric analysis,
and scanning electron microscopy. The principal factors affecting the U(VI) adsorption performance of the
UHMWPE-g-DEPP fiber were investigated, including pH of the aqueous solution, contact time, temperature, and

coexisting ions. The experimental results showed that UHMWPE-g-DEPP can achieve an adsorption equilibrium at
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room temperature within 8 h and the maximum adsorption capacity (113.2 mg/g) at 25 °C, pH = 5.0, and m/V =

0.2 g/L. The adsorption kinetic pattern was in good agreement with the pseudo-second-order model, and the

adsorption equilibrium follows the Langmuir isotherm model well. The phosphate-functionalized fiber showed good

recycling and adsorption selectivity.
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Uranium, Ultra high molecular weight polyethylene, Diethyl (2-aminoethyl) phosphonate,
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PRI R BAR AR, 2 FE150 HLLE, 28 111500 MHz, HEAiEw) #ilh [2- (1, 3-—
W36 H, HR1S um. HEWEGRAKHME -1, 3-2F5 A 2H-F00-2-5) 23] BEg 2
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Fig.1 Schematic diagram of diethyl (2-aminoethyl) phosphonate preparation process
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Fig.2 Schematic diagram of phosphate ester based fiber modification process
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1.5 IRMIsEIE &It

151  AMEH

K F Ik 52 56 5 57 UHMWPE-g-DEPP 2] 4 1 W
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T @

m
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B8 h, Z J5 K ICP-OES il % ¥ i 78 43 v F&
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2.1 RUELER

2.1.1 SEM % /&

K SEM H2 ARG A 44 B} R ST 09T
SERWE 3R . B UHMWPE RIHGH, %A
B S (7R BN LBk [ . 28 GMA T (-3 4
B IR ARG AT M R R T H BT B
LA, IXR T RS 2k IR AR R A A A
YIS R P A M RL, TTRES T A 4R K1)
BUB A e 55 07 T A P B

3 UHMWEE (a).(b); UHMWPE-g-GMA (c)+(d)
UHMWPE-g-DEPP (e). ()] SEM [
Fig.3 SEM images of UHMWPE (a), (b); UHMWPE-g-
GMA (c), (d),; and UHMWPE-g-DEPP (e), (f)
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(OB BE o3 i, HLWT0R /3 IR FE 20 9 400 °C. B8
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MBI E VR B B R, AR Ao iR P )
9190 °C. 7£ UHMWPE-g-GMA £74E 5| N (2-%
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Fig.4 FTIR spectra (a), XRD patterns (b), TGA patterns (c), and XPS survey spectra (d) of UHMWPE, UHMWPE-g-GMA,
UHMWPE-g-DEPP, and U-laden UHMWPE-g-DEPP

215 XPS A iEFF R
B XPS H AR 5 BT 47 56 41 4 bR 76 2 4L

KeAEeIe s, M A s 9 B 4l S ) UHM W PE-
g-DEPP 1 4 14l W Fff B2 9 23.5 mg/g, 25 Rl 4
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(D P, fEfER Q-7HEOE) PR = SEEAI
Bt 4l J5 UHMWPE-g-DEPP [ XPS 4= i 1, 7£ 4
134.0 eV, 191.0 eV. 382.0 eV £1392.0 eV 4 i #
TXERF P2p. P2s. Udf,, FUAS,, [MFFEIE, R
S 21 - )18 15 Dy ) % K T T 8 1 P IR
% g™ . UHMWPE. UHMWPE-g-GMA Fl
UHMWPE-g-DEPP ] Cls. Ols. P2p #ll U4f /) li§
LA 25 R pE 5 F13E 1~3 fTor . UHMWPE £F 4 Al
UHMWPE-g-GMA £F- 4[] Cls /W54 (283.8+
0.1) eV. (284.8+0.1) eV. (286.4£0.1) eV. (288.1%
0.1) eV F1(289.0+£0.1) eV &b 111 5 MFRAEVE, EA15
AN F R . C-C. C-O. C=0 fICOOH "¥;
UHMWPE £ 4 #i FAUE A C-CH#t, At
UHMWPE £} 4E 75 & B i £ o Al R 23 ik G 22
Jii, s A UHMWPE 272 5 1] BEA71E 1) 45 i &

AT G, 45 REIR, XU S EER BAFE
Hrr, (HEEMRIC. B GMA R C-0F & EETT
B, X HE— B R UE T GMA # B D) & i 7R
UHMWPE _I-. UHMWPE-g-DEPP ] Ols 7} I& 4 &
N O(531.0£0.1) eV. (532.1+0.1) eV Ml (533.2+
0.1)eV, 437X} M C=0/P=0. C-O/P-O-C FI-OH
3ANKEAEIE Y2, UHMWPE-g-DEPP [ P2p 43U &
N 133.46 eV F1134.26 eV A% BT P2p,, F1 P2p, , 1]
PNMERAEIE . MK HE O1s A1 P2p 73 I HL & 45 B ] LR
WA C=0/P=0 F1 P2p, , (IR AE 73 BRIV
531.00 eV T} i & 531.18 eV 1 134.26 eV JF /1 &
134.44 eV, X B T BITE B 7 1R RORE
FEP MO LRI oL T = B RS, B P A
OM4i&ae (BE) [ mAes M fm .

@) UHMWPE

UHMWPE-g-GMA

UHMWPE-g-DEPP

Binding energy / eV

292 290 288 286 284 282 280

536 534 532 530 528
Binding energy / eV

() U-laden UHMWPE-g-DEPP

P 2012 P 2pzis

Aad -
UHMWPE-g-DEPR

P 2pzs

YoV D W

(d) U-laden UHMWPE-g-DEPP

138 136 134 132 130
Binding energy / eV

395 390 385 380 375
Binding energy / eV

5 UHMWPE.UHMWPE-g-GMA .UHMWPE-g-DEPP F1 [ff 4 fJf UHMWPE-g-DEPP '] XPS Cls (a),
Ols (b), P2p (c)Fl U4f (d) ik &
Fig.5 XPS Cls (a), Ols (b), P2p (c), and U4f (d) spectra of UHMWPE, UHMWPE-g-GMA,
UHMWPE-g-DEPP and U-laden UHMWPE-g-DEPP

&1 XPS Cls ik R EER
Table 1 Curve fitting results of XPS Cl1s spectra

RHAIE VG HiEEE eV FIETE [ eV W5 i 4 Y

Peak Bingding energy Full width half maximum Mole fraction
UHMWPE A Carbide C 283.82 1.22 14.0

c-C 284.86 1.82 70.7

Cc-0 286.48 1.70 10.4

C=0 288.09 1.17 2.25

COOH 289.02 1.10 2.65
UHMWPE-g-GMA {4 Carbide C ~ 283.82 2.36 3.32
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Lk
ALV ZiERE eV PIETE [ eV YRI5 %
Peak Bingding energy Full width half maximum Mole fraction
Cc-C 284.80 1.29 53.8
C-0 286.46 1.99 29.8
C=0 288.09 1.43 6.61
COOH 288.90 1.02 6.44

F2 XPS Ols LM HIEME LR
Table 2 Curve fitting results of XPS Ols spectra

RHIEVE Peak GiERE eV PUETE [ eV Vs 5/ %
Bingding energy Full width half maximum  Mole fraction
UHMWPE-g-DEPP C=0/P=0O 531.00 1.66 20.3
C-0/P-0-C 532.07 1.40 36.1
OH 533.19 1.58 43.6
U-laden UHMWPE- C=0/P=0O 531.18 1.87 17.2
g-DEPP C-0/P-0-C 532.00 1.42 46.2
OH 533.23 1.63 36.6
#3 XPS P2pobilf ISR A LR
Table 3 Curve fitting results of XPS P2p spectra
FFLIE Peak BiERE eV PUETE [ eV VIR 5 %
Bingding energy Full width half maximum  Mole fraction
UHMWPE-g-DEPP  P2p,, 133.46 1.42 67.0
P2p,, 134.26 1.43 33.0
U-laden UHMWPE- P2p,, 133.44 1.29 71.7
g-DEPP P2p,, 134.44 1.38 28.3

2.2 UHMWPE-g-DEPP HOIRHf 14 8ERF 5%

2.2.1  pH TR P AR 89 % oF:

KL SRIIRAHE L 7 UHMWPE R [ 2 1 1)
% I Wi Y A 0 R M RE sz . il e (@)
Fin, TR IS L A 1 5] AN K 3R = T UHMWPE
Xof 4l PR IR B B 7 o TR R R £ W i R g I S S T
G pH I+ /= 10 32 8 T 5 & 49.1 mg/g (pH=7.0) ,
SR 5 B A I WA 4R pH I E— 0 T R T E T T B
IX A B DR A T VS VR R A 2 T S R R 7 3R
THT P9 S0 -4 25 0 -4 S B2t ZAR S TV W pHLe 7E
e TR VA Y R 7] 2 T J5 1 Y T LA T B 7
B R B IEHEA A (U0, TEAFTE,
DRI, T 2 7 1 5 I 1 Y X DA VR R 2
W B 75102 T £ 52— A2 B2 i o pHL 199 b b 1 8 5 o
i, B2 A oA, XS EEE R
W B 25 Bk Bt A pHL AR b T G20 384 o B = R
e AR R A Y AR T B T S DU A LA R
PERIK G B TR AEAE,  [RI WB 552 1 BT

R AT A A HLAT, IX 5 2 UHMWPE-g-DEPP
XoF Al D VR B % R B A pHL IR RE — 20 T R T IR T
. 53R E IR, UHMWPE-g-DEPP %} 4 Bk W Fff 11
BIEpH 2 A 7.5, HE, W1 & 80K pH @ ¥ 2
PRBR L), DRI 5 2 M B S0 S5 AE VR TV 46 pH
5.0 26 N EAT o AEDMEBIAHOC TAEH, Rajaei
S DU EERR =T ERIEDE T &8 A VIAEZLA R Uio-
66 il £ 45 Bl — Bl A4 RE IR FL S Tl 0 52 H
Yuan 5§ M i I R IE X /i FL AR R ZEAT S
i 1] 2549 B — BB AR T 3R B . ABEFTR
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